CLAIMS 

I . A method for the liquefaction of a feed gas which comprises providing at least a 
portion of the total refrigeration required to cool and condense the feed gas by utilizing 

(a) a first refrigeration system comprising at least one recirculating 
refrigeration circuit, wherein the first refrigeration system utilizes two or more 
refrigerant components and provides refrigeration in a first temperature range; 
a\d 

(b) a second refrigeration system which provides refrigeration in a second 
temperature range by work expanding a pressurized gaseous refrigerant stream. 

n 



2. The method of Claim 1 wherein 
range is less than the iWest tempi 



he^owfest temperature in the second temperature 
rature/fn the first temperature range. 



3. The method of Claim 1 wherein at least 5% of the total refrigeration power required to 
15 liquefy the feed gas is consumed by the first refrigeration system. 

4. The method of Claim 1 wherein floe feed gas is natural gas. 

5. The method of Claim 1 wherein the refrigerant in the first recirculating refrigeration 
20 circuit comprises two or more components selected from the group consisting of 

nitrogen, hydrocarbons containing one or mor^parbon atoms, and halocarbons 
containing one or more carbon atoms. 



^U/b ft &\The method of Claim 1 wherein the refrigerant in the second recircdfeting 
refrigeration circuit comprises nitrogen. 
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[. The method of Claim 1 wherein at least a portion of the first temperature range is 
between about -40°C and about -100°C. 

5 8. Tnte method of Claim 7 wherein at least a portion of the first temperature range is 
betweenvabout -60°C and about -100°C. 

9. The method of Claim 1 wherein at least a portion of the second temperature range is 
below about -1 &0°C. 
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10. The method of Slaim f wfterein at least 10% of the total refrigeration power required 
to liquefy the feed gas\s copsumeq by the first recirculating refrigeration system. 



11. The method of Claim 1\Jvherein the first recirculating refrigeration system is 
1 5 operated by 

(1) compressing a first gJ^seous refrigerant; 

(2) cooling and at least partially condensing the resulting compressed refrigerant; 

(3) reducing the pressure of tnp resulting at least partially condensed 
compressed refrigerant; 

20 (4) vaporizing the resulting reducedrpressure refrigerant to provide refrigeration 

in the first temperature range and yield a vaporized refrigerant; and 
(5) recirculating the vaporized refrigerai\to provide the first gaseous refrigerant 
of (1). 
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IZNThe method onClaim 11 wherein at least a portion of the cooling of the resulting 
compressed renugerarrc in (2) is provided by indirect heat exchange with vaporizing 
reduced-pressureM-efrigerant in (4). 



5 1 $v The method of Claim 1 1 wherein at least a portion of the cooling in (2) is provided 
by indib^ct heat exchange with one or more additional vaporizing refrigerant streams 
provided byfeLthird recirculating refrigeration circuit. 



14. The method of Claim 13 wherein the third recirculating refrigeration circuit utilizes a 
10 v single component refrigerant. 

15. The method of Claim 13 wherein the third recirculating refrigeration circuit utilizes a 
j^nixed refrigerant comprising two or more components. 



15 The method of Claim 1 wherein the second- rec i rcu l ating 'refrigeration system is 

operated by 

(1 JVx>mpressing a second gaseous refrigerant to provide the pressurized 
gaseou^refrigerant in (b); 

(2) cooling the pressurized cp^aQus refrigerant to yield a cooled gaseous 
20 refrigerant; \ 1— *^ 

(3) work expanding^he cooled gaseous refrigerant to provide the cold refrigerant 
in (b); \ 

(4) warming the cold refrigerant to provide refrigeration in the second 
temperature range; and \ 
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V5) recirculating the resulting warmed refrigerant to provide the second gaseous 
refrigerant of (1). 

17. The metntod of Claim 16 wherein at least a portion of the cooling in (2) is provided 
5 by indirect heat ^xcharrge by warming the cold refrigerant stream in (4). 

18. The method of Claim 16 wherein at least a portion of the cooling in (2) is provided by 
indirect heat exchange ™th the vaporizing refrigerant of (a). 

ik The method of Claim 16 wherein at least a portion of the cooling in (2) is provided 
by inairect heat exchange with one or more additional vaporizing refrigerants provided 
by a thira\recirculating refrigeration circuit. 



20. The method of Claim 19 wherein the third recirculating refrigeration circuit utilizes a 
15 single component refrigerant. 



21 . The method of Claim 19 wherein the third recirculating refrigeration circuit utilizes a 



mixed refrigerant which comprises two or more components. 



2zxThe method of Claim 1 wherein the first recirculating refrigeration circuit and the 
second recirculating refrigeration circuit provide in a single heat exchanger a portion of 
the total refrigeration required to liquefy the feed gas. 
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The method of Claim 1 wherein the first refrigerant system is operated by 

(1) compressing a first gaseous refrigerant; 

(2) cooling and partially condensing the resulting compressed refrigerant to yield 
a vapor refrigerant fraction and a liquid refrigerant fraction; 

(3) further cooling and reduetfnb the pressure of the liquid refrigerant fraction, and 
vaporizing rte resulting liqUiid/^Trtaerant fraction to provide refrigeration in the 
first tern peratuna range and yield/a first vaporized refrigerant; 

(4) cooling and conistensing the vapor refrigerant fraction, reducing the pressure 
of at least a portion of ttqe resulting liquid, and vaporizing the resulting liquid 
refrigerant fraction to provide additional refrigeration in the first temperature 
range and yield a second vaporized refrigerant; arid 

(5) combining the first and second\aporized refrigerants to provide the first 
gaseous refrigerant of (1). 

2^\ v The method of Claim 23 wherein vaporization of the resulting liquid in (4) is effected 
at a preWire lower than the vaporization of the resulting liquid refrigerant fraction in (3), 
and wherein the second vaporized refrigerant is compressed before combining with the 
first vaporized refrigerant. 



25. The method Orf Claim 1 
refrigerant in (3) presides a' 
gaseous refrigerant ir\(1). 




ein work from work expanding the cooled gaseous 
the work required for compressing the second 



30 



26. The method of Claim 16 wherein the feed gas is natural gas, the resulting liquefied 
natural gas stream is flashed to lower pressure to yield a light flash vapor and a final 
liquid product, and the light flash vapor is used to provide the second gaseous 
5 refrigerant ik the second refrigerant circuit. 



10 



15 



20 

N :jmf/docket/us/us5868.app.doc 



- 31 - 

2? 



